The structure effects of the fission fragments on their yields are studied within the statical theory with the inputs, like, excitation energies and level density parameters for the fission fragments at a given temperature calculated using the temperature dependent relativistic mean field formalism (TRMF). For the comparison, the results are also obtained using the finite range droplet model. At temperatures T = 1 − 2 MeV, the structural effects of the fission fragments influence their yields. It is also seen that at T = 3 MeV, the fragments become spherical and the fragments distribution peaks at a close shell or near close shell nucleus.
Introduction
Nuclear fission is still not completely understood, although it was discovered eight decades ago. The study of fission mass distribution is one of the major insight of the fission process. Conventionally, there are two different approaches, the statistical and the dynamical approaches for the study of fission process [1, 2] . The latter is a collective calculations of the potential energy surface and the mass asymmetry. Further, the fission fragments were determined either as the minima in the potential energy surface or by the maximum in the WKB penetration probability integral for the fission fragments. The statistical theory [2] , begins with the statistical equilibrium is established from the saddle to scission point and the relative probability of the fission process depends on the density of the quantum states of the fragments at scission point. The mass and the charge distribution of the binary and the ternary fission is studied using the single particle energies of the finite range droplet model (FRDM) [3, 4, 5] . In FRDM [6] formalism, the energies at given temperature are calculated using the relation E(T ) = i n i ǫ i with n i and ǫ i are the fermi-distribution function and the single-particle energy corresponding to the ground state deformation [4] . The temperature dependence of the deformations of the fission fragments and the contributions of the pairing correlations are also ignored. In the present letter, we applied the self consistent temperature dependent relativistic mean field theory (TRMF) with the well known NL3 parameter set [7, 8] . Here, we study the structure effects of the fission fragments, whether they could influence the yield or not ? If it influences, to what extent of the temperature it affects the probable fragmentation.
The letter is organized as follows. In Section 2, we present a brief description of the statistical theory and the TRMF formalism. In Section 3, we discuss the variation of the quadrupole deformation parameter β 2 of the fragments with the temperature and study the structure effects of the fission fragments in the mass distribution. The summary and conclusions of our results are given in Section 4.
The method
We constraint the charge to mass ratio of the fission fragments to that of the parent nucleus i.e., Z P /A P ≈ Z i /A i , with A P , Z P and A i , Z i (i = 1 and 2) correspond to mass and charge number of the parent nucleus and fission fragments, respectively [3] . The constraints, A 1 + A 2 = A and Z 1 + Z 2 = Z are imposed to account for the mass and charge conservations. For 242 Pu, which is a representative case in the present study, the binary charge numbers are restricted to Z 2 ≥ 26 and Z 1 ≤ 66 by considering the experimental yield [9] . According to statistical theory [2, 10] , the probability of the particular fragmentation is directly proportional to the folded level density ρ 12 of that fragments with the total excitation energy E * .
The folded level density is calculated from the fragment level densities ρ i [3, 5] with the excitation energy E density parameters a i (i = 1 and 2), which is given as:
Here, we used the self consistent temperature dependent relativistic mean field theory [7, 8] to calculate the excitation energy of the fragments. The excitation energies are calculated using the total energy for a given temperature and the ground state energy (T = 0) as, E * i = E(T ) − E(T = 0). Further, we calculate the excitation energies of the fragments using the ground state single particle energies of Finite Range Droplet Model (FRDM) [6] at the given temperature T with the help of the Fermi-Dirac distribution function keeping the total particle number conserved. The level density parameters a i are evaluated from the excitation energies and the temperature as
The relative yield is estimated as the ratio between the probability of a given fragmentation and the sum of the probabilities of all the possible fragmentations and it is given by,
Here, the sum of the total probability is normalized to the scale 2. The competing basic decay modes such as neutron emission and α decay are not considered and the presented results are the prompt disintegration of a parent nucleus into two fragments (democratic breakup). The well known relativistic mean field theory considers the nucleon nucleon interaction via effective mesons. The nucleonmeson interaction Lagrangian density are found in [11, 12, 8] . The TRMF formalism is explained in Refs. [7, 8] . Here, we briefly revisit the RMF with the BCS formalism. For open shell nuclei the pairing is important for the shell structure. The constant pairing gap BCS approximation is used in our calculations. The pairing interaction energy in terms of occupation probabilities v 2 i and u
i is written as [13, 14] :
with G is the pairing force constant. The variational approach with respect to the occupation number v
The pairing gap (△) of proton and neutron is taken from the empirical formula [11] , △ = 12 × A −1/2 MeV. The temperature is introduced in the partial occupancies in the BCS approximation as:
is the quasi particle energies and the ǫ i is the single particle energies. In lower temperatures, the pairing energies play an important role in the structure of open shell nuclei. The chemical potential λ p (λ n ) for protons (neutrons) is obtained from the particle number con-
The sum is taken over all proton and neutron states. The entropy is obtained by,
The temperature dependent RMF binding energies and the gap parameter are obtained by minimizing the free energy,
In constant pairing gap calculation, for a particular value of pairing gap △ and force constant G, the pairing energy E pair diverges, if it is extended to an infinite configuration space. Therefore, a pairing window in all the equations are extended up-to the level |ǫ i − λ| ≤ 2(41A −1/3 ) as a function of the single particle energy [11, 14] .
Results and discussions
In this letter we study the fission fragment distributions of 242 Pu as a representative case. After generating the possible fragments by equating the charge to mass ratio of the parents to the charge-mass ratio of the fragments, the yield values are obtained using Eq. 3. The folded densities are calculated from the individual level density of the fragments which are evaluated from the fragment excitation energies at the given temperature T . The excitation energies are calculated within the TRMF and FRDM. In TRMF model, the excitation energy is the difference between the temperature dependent total energy and the ground state energy. The minimization of free energy of fission fragments within TRMF are obtained by allowing them to be axially deformed. The solutions for the Dirac equations for nulceons and the Klein Gordon equations for the meson fields are obtained by expanding them in terms of the spherical harmonic wave functions as basis. For the numerical calculations, the nucleon wave functions and the meson fields are expanded to the number of major shells taken to be N F = 12 and N B = 20, respectively. In the FRDM method, the excitation energies are calculated using the single particle energies which are retrieved In Fig. 1 we plot the quadrupole deformation parameter β 2 as a function of mass numbers A 1 and A 2 for the binary fragments. For T = 1 MeV, the quadrupole deformation parameter of the fragments are prolate/oblate or spherical similar to the ground state nuclei. The pairing transition of the nuclei occur within the temperature T = 1 MeV. For T = 2 MeV, the fragments with mass number A ≤ 150 become almost spherical except few exceptions. For higher temperature T = 3 MeV, all the nuclei become perfectly spherical. When the temperature increases, the levels above the Fermi surface become more occupied due to the transition of particles from the partial occupied levels (below the Fermi surface). For higher temperatures, the occupancies become uniform at the vicinity of the Fermi surface. The deformed structures are melted at higher temperatures, and the evolved fragments land up in a close shell shape due to the higher excitation energy of the closed shell nuclei. Now the fission mass distributions of 242 Pu obtained from the TRMF and FRDM formalisms for three different temperatures T = 1, 2 and 3 MeV are shown in Fig. 2 Ag are favorable for both models. At temperature T = 2 and 3 MeV the yields of the minor fragments evolution in FRDM model have increased. But, in TRMF model, the most favorable fragments are mainly from the two regions, I (with mass A ∼ 71 − 91 and A ∼ 171 − 151) and II (A ∼ 105 − 113 and 137 − 129). For T = 2 MeV, region II is less probable than region I. The most favorable fragments are same as those for temperature T = 1 MeV, along with one of the neutron closed shell nucleus in 81 Ga + 161 Eu (for 81 Ga, N=50). Analyzing Fig. 2(a) for TRMF results, we notice a symmetric yield region for T = 3 MeV, i.e. from mass region A ∼ 100 − 133. Most of the yield fragments are concentrated in this region. Additionally, a few more secondary asymmetric fractions are also noticed. We see a similar symmetric region along with few asymmetric yields in case of FRDM calculations also (see Fig. 2(b) ). The only difference is the secondary asymmetric yields spread widely in this case, contrary to the concentrated symmetric peaks for TRMF calculations. In general, our results agree with the recent experimental observations of Ref. [16] .
In FRDM model, the favorable fragments are in the vicinity of the neutron closed shell (N = 82) nuclei or exactly at the proton closed shell nuclei (Z = 50). The other secondary fragmentations are not necessarily closed shell nuclei, so a good fraction of non-magic fragments are also appeared in the yield values. For higher temperature T = 3 MeV, the most favorable fragments for both models are more or less same. The fragment combinations 109,110 Mo + 133,132 Te and 113 Ru + 129 Sn are the most favorable fragments. In TRMF model the most favorable fragments in region I and region II have sharp peak yield values. But in FRDM, the larger yields are at region II only. Conclusively, for T = 3 MeV, one of the most favorable fragments are at the vicinity of the closed shell (N ∼ 82) or exactly at the closed shell (N or Z = 50) nuclei. As it is reported in many earlier works, that the rare earth nuclei in the range Z = 56 − 66 region shows, peculiar nature, such as shell closure behavior, most of the fragments are found in that region. Also, the corresponding neutron numbers for such nuclei act like deformed shell closure at N = 98 − 102 region. As a result, we get many neutron fragment in that region [17] . Although, the even-even fragments are more possible fission yield, in the present case, we find maximum number of fission yield is odd mass fragments as compared to the even-even combination. Because of the level density of the odd mass fragments are higher than the even mass fragments as reported in Ref. [2] . For this temperature, all nuclei become spherical, the excitation energy of the closed shell nuclei is higher than the other spherical nuclei. Thus, the deformation of the fission fragments affects the most favorable distribution at the temperatures T = 1-2 MeV. In FRDM model the temperature dependent deformations are not considered, so the most favorable fragments at T = 2 and 3 MeV are same.
Summary and Conclusions
The binary fission mass distribution is studied within the statistical theory. The level densities and the excitation energies are calculated from the TRMF and FRDM formalisms. The TRMF model includes the thermal evolutions of the pairing gaps and deformation in a self-consistent manner, while, they are ignored in the FRDM. The excitation energies of the fragments are obtained from ground state results in the FRDM calculations. So, the study of deformation effects on the fission fragments can be seen within the TRMF formalism. The quadrupole deformations of fission fragments with the increasing temperature are also discussed. The structural effects of the fission fragments influence the most favorable yields at temperatures T = 1 and 2 MeV. For the temperature T = 3 MeV, one of the most favorable mass distribution ends up in the vicinity or exactly at the nucleon closed shell (N∼82) or (N or Z = 50). Although, the TRMF and FRDM formalisms yield the closed shell nucleus as one of the favorable fragment, the detail of the fission yields and probability of the mass distributions are quite different in these two formalisms.
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